Using micro data for India from 1983 to 2005, this paper finds that the tertiary (college)-secondary (high school) wage premium has been increasing in India over the past decade and that this increase differs across age groups. The increase in wage premiums has been driven mostly by younger age groups while older age groups have not experienced any significant increase. Using a demand and supply model with imperfect substitution across age groups (developed in Card and Lemieux, 2001), this paper demonstrates that workers are not perfect substitutes across age groups. The paper finds that the increase in the wage premium has come mostly from demand shifts in favor of workers with a tertiary education. More importantly, the growth rate of demand for tertiary educated workers relative to secondary educated workers was fairly stable in the 1980s and the 1990s. However, the relative supply played an important role not only in determining the extent of increase in wage premium, but also its timing. The increase in relative supply of tertiary workers during 1983-1993 negated the demand shift; as a result, the wage premium did not increase much. But during 1993But during -1999, the growth rate of the relative supply of tertiary workers decelerated, while relative supply became virtually stagnant during 1999-2004. Both these periods saw an increase in the wage premium as the countervailing supply shift was weak.
Introduction
India's inability to reduce poverty in spite of a sustained period of high economic growth during the last decade has drawn a great amount of interest. 1 Recently, there is a growing focus on wage inequality. This mounting interest is due to two reasons. First, after four decades of import-substitution industrialization strategy, in 1991 India initiated a drastic liberalization of its external sector and industrial policy (see Section 1.1). Second, there is an increasing recognition that greater income inequality tends to slow poverty reduction (Ravallion and Chen, 1997) .
The effects of trade liberalization on wage inequality in developing countries have been quite varied. The East Asian newly industrialized economies experienced a reduction in wage inequality after opening with a strong export-orientation in the 1960s and 1970s. However, for a number of developing countries that opened up to trade more recently, liberalization did not lead to reduction in wage inequality. On the contrary, some countries have seen an increase in the skilled wage premium, for example, Brazil (Green et al., 2001 ), Mexico (Hanson and Harrison, 1999) , Chile (Beyer et al., 1999) , Costa Rica (Robbins and Gindling, 1999) , and Colombia (Robbins, 1996) .
India also experienced both liberalization of trade and rising wage inequality. Dutta (2005) finds that wage inequality increased in India during [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] , and the increase in the returns to tertiary (college) education was one of the driving forces of increasing inequality. Focusing on full-time urban male workers, Kijima (2006) finds that wage inequality (as measured by wage differentials between 90 th and 10 th percentiles of the wage distribution) started increasing in the 1980s and was mainly attributable to the increase in the returns to skills. Chamarbagwala (2006) includes all wage and salaried workers in her analysis and divides the total labor force into 100 labor groups (two sex groups, five education groups, and ten experience groups) following Katz and Murphy (1992) . She also comes to a similar conclusion.
The Indian experience of increase in the returns to tertiary graduate workers is similar to that in many other countries. Rising wage premium for skilled workers since the 1980s in many OECD countries is well documented. In the United States, for example, Katz and Autor (1999) estimate that the real wages of high school drop-outs, the least skilled workers, fell over the 1963-1995 period (by about -4.5 percent), while the real wages of college graduates rose sharply (by about 22.4 percent). Manacorda et al. (2009) document the increasing returns to tertiary education in the five Latin American countries: Argentina, Brazil, Chile, Colombia, In the existing literature from the other countries (mainly from the US), there is a consensus that the wage premium of skilled workers relative to unskilled workers has increased. However, a considerable amount of controversy exists about the extent to which the increase in the wages of skilled workers can be explained by shifts in labor demand favoring high-skilled labor at the expense of low-skilled labor (Juhn et al., 1993; Bound and Johnson, 1992) , or a deceleration in the relative supply of high-skilled labor compared to low-skilled labor (Katz and Murphy, 1992; Card and Lemieux, 2001 ).
In a seminal paper, Katz and Murphy (1992) demonstrate how the relative supply of college graduates to high school graduates, combined with a linearly increasing trend in labor demand for college graduates, drives the relative wages of college graduates in the US. Card and Lemieux (2001) refine this finding for the US, UK, and Canada by allowing for imperfect substitutability across age groups. Goldin and Katz (2009) The existing literature for India documents and tries to explain the rise in wage inequality observed during 1983-1999 (Dutta, 2005; Kijima, 2006; and Chamarbagwala, 2005) and concludes that the increase in wage inequality was mainly attributable to the increase in the returns to skills (captured by educational attainment). However, the driving forces that led to the increase in wage premium for high-skilled workers (tertiary graduate workers) are not fully explored. It is important to understand the determinants of the wage premium, as changes in the wage premium have important implications for the evolution of wage inequality, and hence overall income inequality. For policy makers, it is important to know whether the increase in wage premium is driven by demand or supply since the policy responses differ for these two scenarios.
In urban India, the wage premium of tertiary graduate male workers relative to secondary (high school) graduate male workers increased between 1983 and 2004 from 36 log points to 52 log points, while the wage premium for secondary graduate male workers relative to below secondary graduate male workers remained same between 1983 and 2004 ( Figure 1 ). 2 There are two important things 2 The wage gap is calculated using individual-level data on regular employed workers; details are given in the data section. Regular employed workers are defined as individuals who worked in others' farm or non-farm enterprises and in return received salary or wages on a regular basis (i.e., not on the basis of daily or periodic renewal of work contract).
worth noting about the trend in the wage premium of tertiary graduate workers relative to secondary graduate workers. First, most of the increase in wage premium Tertiary-secondary wage premium for different age groups occurred in the 1990s, while the wage premium was relatively stable in the 1980s. 3 Second, the increase in wage premium differed across age groups. The wage gap increased from 28 log points to 59 log points for the younger group (age [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] but it remained about the same for the older group (48-57) (Figure 2 ). 4 Similar trends have also been observed in the US, UK, and Canada (Card and Lemieux, 2001 ).
The trends observed in the tertiary-secondary (college-high school) wage premium in India raise two questions. First, is imperfect substitutability across age groups the reason why different age groups experienced different changes in the wage premium over time? Second, what led to the sudden increase in the tertiarysecondary wage premium in the 1990s? In this paper, we try to explain the observed trends in the wage premium through demand and supply factors, and to assess the importance of these factors in the observed increase. We demonstrate that the demand and supply model, which allows for imperfect substitutability (developed in Card and Lemieux, 2001 ) across different age groups, is reasonably suited to explain the trends observed. 5 This paper contributes to the existing literature in four ways. First, we assess the role played by the changes in relative demand and relative supply of tertiary graduate workers in shaping the relative wages of the tertiary graduate workers. Our supply measure incorporates the imperfect substitutability across age groups. Second, we obtain estimates for elasticity of substitution between tertiary and secondary graduate workers, as well as elasticity of substitution across age groups, which would be a first for India, to our best knowledge. Third, we document the trends in the wage premium of tertiary graduate workers relative to secondary graduate workers in India during 1983-2005, and extend the existing wage inequality literature period of study through 2005 by incorporating new data. In extending the analysis to a more recent period, we are able to shed light on some important trends in the relative supply, which differ from the earlier period. Fourth, this study adds the India case to the existing literature on the college-high school wage premium in different countries. 3 With an expansion of the education system one might be concerned that the extent of ability bias is changing over time. However, the direction of bias is not clear. Binelli (2009) argues that the educational expansion at intermediate levels could have resulted into a decline in the mean ability level for college graduates (in Brazil, Mexico), at the same time, if the expansion at intermediate enabled more high-ability people than before to progress to higher education, mean ability would have increased for college graduates. 4 Similar but less accentuated trends have also been observed in rural India. 5 The focus on the tertiary-secondary wage gap is motivated by the fact that this gap has increased sharply during the last decade. Also, prior studies on India (Dutta, 2005; Chamarbagwala, 2006; and Kijima, 2006) pointing out the increase in the returns to tertiary education as the main contributor to wage inequality warrants this focus on tertiary graduate workers.
The findings of the paper are as follows. First, the relative supply of tertiary graduate workers, after increasing in the 1980s and early 1990s, ceased to grow between 1999 and 2004. Second, the demand shifts in favor of tertiary graduate workers occurred both in the 1980s as well as in the 1990s. The changes in aggregate relative supply explain why wage premium was stable in the 1980s, while it increased in the late 1990s. An increase in the aggregate relative supply of tertiary graduate workers kept a check on the tertiary-secondary wage premium in the 1980s. However, between 1993 and 1999, growth in the relative supply of tertiary graduate workers decelerated and, combined with the increasing demand, led to an increase in the wage premium. Between 1999 and 2004, the relative supply of tertiary graduate workers changed marginally, and the shift in demand led to a further increase in wage premium. Third, there exists imperfect substitutability across age groups. Our main conclusions regarding demand and supply are quite robust to alternative specifications and samples used.
The remainder of the paper is organized as follows: Section 1.1 gives a brief description of the macro performance in the 1980s and 1990s, and the economic reforms in 1991. Section 2 details the empirical strategy, and Section 3 describes the data and data trends. Section 4 discusses the results, Section 5 provides some robustness checks for the main results, and Section 6 concludes.
Background
In the 1980s, India witnessed a dramatic increase in economic growth to an average of 5.7 percent per year, compared to the "Hindu rate of growth" of about 3.5 percent that had prevailed during 1950-1980. The average growth rate between 1981-82 and 1990-91 was 5.7 percent, while the annual growth rate during the eleven-year period from 1992-93 to 2002-03 was 5.9 percent. Thus, the growth rates between the 1980s and 1990s are comparable (Panagariya, 2004) . However, the institutional settings in these two decades differed significantly. The Indian economy was closed with a large number of industries reserved for the public sector during the 1980s, whereas the 1990s was a period of integration with the world economy with a increasing role of private sector and foreign investment.
As of 1991, India still had a fixed exchange rate system, where the rupee was pegged to the value of a basket of currencies of major trading partners. India started having balance of payments problems since 1985, and by the end of 1990 it was in a serious economic crisis. Foreign exchange reserves had been reduced to the point that India could barely finance three weeks worth of imports. In return for an International Monetary Fund (IMF) bailout, economic reforms were forced upon India. As part of these reforms, India initiated a drastic liberalization of the external sector and industrial policy in May 1991. The number of industries reserved for the public sector was halved, licensing was abolished in all but a small group of industries, foreign investment was encouraged, quantitative import restrictions were largely abandoned, and tariffs were significantly reduced. 6 Although some policy reforms were introduced during the 1980s also, Panagariya (2004) points out that the difference between the reforms in the 1980s and those in the 1990s is that the former were limited in scope and without a clear road map, whereas the latter were systematic. Joshi and Little (1994, chapter 13) also recognize the role of the reforms, but regard fiscal expansion financed by external and internal borrowing as the key to the acceleration of growth during the 1980s. Ahluwalia (2002) finds that while the growth record in the 1990s was only slightly better than in the 1980s, the 1980s growth was unsustainable, "fueled by a buildup of external debt that culminated in the crisis of 1991." The liberalization of the Indian economy in 1991 may or may not have affected the demand for the tertiary graduate workers, and this is investigated in this paper.
Empirical Strategy

Theoretical Framework
Following Card and Lemieux (2001) , assume that aggregate output at time t depends on two CES sub-aggregates of secondary (S) and tertiary (T) graduate labor:
where −∞ < η≤1 is a function of the partial elasticity of substitution (σ A ) between different age groups ( j) with the same level of education (η = 1 − 1/σ A ); α j and β j are relative efficiency parameters of secondary and tertiary graduate workers (assumed to be fixed over time). In principle, η could be different for different educational groups, but for simplicity assume η to be identical across education groups.
Aggregate output in period t,Y t , is a function of secondary graduate labor, tertiary graduate labor, and technology efficiency parameters, θ St and θ Tt :
Assume that aggregate production function is CES: 7
where −∞ < ρ≤1 is a function of the elasticity of substitution (σ E ) between the two education groups (ρ = 1 − 1/σ E ). In this setting, the marginal product of labor for a given age-education group depends on both the group's own supply of labor and the aggregate supply of labor in its education category. In particular, the marginal product of secondary graduate workers in age group j is:
where
Similarly, the marginal product of tertiary graduate workers in age group j is:
Efficient utilization of different skill groups requires that relative wages are equated to relative marginal products. Under this assumption, the ratio of the wage rate of tertiary graduate workers in age group j (w T jt ) to the wage of secondary graduate workers in the same age group j (w S jt ) satisfies the following equation:
7 The assumption of CES is following the existing literature. An alternative to the CES is the translog function. However, the translog has many more parameters to estimate, which would significantly reduce the degrees of freedom in an already small sample.
If the relative employment ratios are taken as exogenous, equation (7) leads to a simple model for the observed tertiary-secondary wage gap for workers in age group j and year t. 8 Substituting for ρ and η yields: (8) where e jt reflects sampling variation in measured wage premium or any other source of variation in age group-specific wage premiums. Equation (8) can be rearranged as:
According to (9), the tertiary-secondary wage gap for a given age group depends on both the aggregate relative supply of tertiary graduate labor (T t /S t ) in period t, and on the age group specific relative supply of tertiary graduate labor T jt /S jt . Any change in age group specific relative supplies would be expected to shift the age profile of the tertiary-secondary wage gap, with an effect that depends on the size of 1/σ A .
Implementation
Direct estimation of (9) is not feasible since T t and S t are not observable. As shown in (1) and (2), T t and S t are dependent on α j 's, β j 's and σ A . Thus, following Card and Lemieux (2001), a two-step estimation procedure is utilized. In the first step, estimates of the α j 's, β j 's and σ A are obtained. In the second step, the resulting estimates of T t and S t are used to estimate (9).
Step I
In the first step, σ A is estimated from a regression of age-group specific tertiary-secondary wage gaps on age group specific relative supplies of tertiary graduate labor, age effects (which absorb the relative productivity effect log(β j /α j ),
where b j and d t are the age and year effects, respectively. Given the estimate of 1/σ A , the relative efficiency parameters, α j 's and β j 's, can be computed by equating marginal products to wages. Taking logs yields:
The left-hand side of these equations can be estimated using the first-step estimate of 1/σ A , while the leading term on the right-hand side of (11) and (12) can be replaced with a set of year dummies. Thus, the age group specific productivity factors, log α j and log β j , can be estimated by the age effects in a pair of regression models based on (11) and (12) that also include unrestricted year dummies.
Step II Given the estimates of α j 's,β j 's and η, the aggregate supplies of tertiary and secondary graduate labor can be constructed. With these estimates in hand, and some assumption concerning the time path of relative productivity term (θ Tt /θ St ), equation (9) can be estimated directly. Following the existing literature, assume that log(θ Tt /θ St ) can be captured by a linear time trend and changes in labor supply are exogenous. 9 
Data
The analysis is based on individual-level household survey data from the Employment and Unemployment Schedule administered by the National Sample Survey Organization (NSSO), Government of India. Data from five rounds-conducted in 1983 (38th Round), 1987-88 (43rd Round), 1993-94 (50th Round), 1999-00 (55th Round) and 2004-05 (61st Round)-are used (referred to as 1983, 1987, 1993, 1999 and 2004 in this paper). 10 The data constitute a repeated cross-section and contain information on household size and composition, social group, religion, monthly consumption, landholding, demographic variables (age, gender, marital status), educational participation and attainment, and a detailed employment section on principal and subsidiary activities (industry, occupation, type and amount of wages earned, and intensity of each activity). Each survey covers about 120,000 households and over half a million individuals. Approximately 35 percent of the sample comes from urban areas; the remainder from rural areas. The sample of households is drawn based on a stratified random sampling procedure, and the analysis is done using survey weights.
In the data, workers are classified as self-employed, regular wage/salaried, and casual labor. Wages are reported for regular wage/salaried and casual labor. Educational attainment is reported by levels of education achieved. 11 The data classify 15 years or more of education as tertiary, 10-12 years of education as secondary, 8 years of education as middle, and 5 years of education as primary. In addition, data also include below primary and illiterates.
The main analysis is restricted to urban areas; however, the main conclusions remain similar (see Section 5) when the all India sample is used. 12 ' 13 Following Card and Lemieux (2001); and Katz and Murphy (1992), we use different samples to calculate our wage and supply measures. The estimated wage premiums are based on a sample of regular wage/salaried (full time) male workers between the ages of 23 and 57 who have completed either tertiary or secondary degree. The relative supplies are constructed using all type of workers (both male and female) between 23 and 57. 14 ' 15 The wage gaps are estimated in separate regressions for each age group in each year using wage sample of regular male workers with exactly a tertiary or secondary degree. Each model includes log of hourly wage as dependent variable and age, dummies for scheduled castes, scheduled tribes, states, and tertiary educa- 11 It is not possible to identify dropouts because they are grouped with the lower education level completed. 12 The 1987 rural sample suffers from lots of missing data on wages. The sample size in higher age groups for the 1983 and 1993 rural samples becomes too restrictive to implement the empirical strategy for rural area separately. The attention to urban area only is consistent with some other studies (e.g., Kijima, 2006; Kumar and Mishra, 2005) . We also present results from pooled sample (all India sample) in Section 5.
13 57.3, 54.3, 60.8, 61.1, and 60.8 percent of regular salaried workers resided in urban areas in 1983, 1987, 1993, 1999 , and 2004, respectively 14 It takes a minimum of 21 years of age to complete tertiary education. The choice of the lower age cut-off of 23 is to allow tertiary graduates to get into the labor force. The upper cut-off age is motivated by the fact that the retirement age is 58-62, depending on the state and nature of employer. 15 We also present the case in Section 5, where relative supplies are constructed using the male sample only. tion as independent variables. 16 To construct a relative supply of tertiary graduate workers, tertiary graduates are treated as tertiary equivalents and secondary graduate workers as pure secondary. Workers with education level below secondarymiddle, primary, below primary, and illiterates-are allocated to secondary school graduates, weighted by their wages relative to secondary school graduates, to construct a supply of secondary equivalents. Three different types of supply measures are used as robustness checks. The first supply measure is the number of hours supplied by each education group. The second is a simple count of the workers, assuming each can potentially supply one unit of labor. And the third is a simple count of the labor force defined as workers plus those who are available for work or seeking work. The third measure takes into account the unemployed. 16 Scheduled castes and scheduled tribes are economically backward groups in India and benefit from the affirmative actions from the Government of India.
Changes in employment shares of different skill groups in regular jobs over time are presented in Table 1 . The employment share of tertiary graduates in regular jobs went up from 19 percent to 30 percent over the last two decades-an overall increase of 11 percent. The employment share of secondary graduates also increased by 4 percentage points during the same period; however, the share of the lower skill groups in total employment declined.
The estimates of the wage premiums are reported in Table 2 . They are based on the difference in mean log hourly wages between regular male workers with a tertiary degree and those with a secondary degree. 17 Comparisons within the rows of the table reveal the age profile of the tertiarysecondary wage gap at a point of time. Figure 3 plots these age profiles of the wage premium for different years. Compared to the 1983 age profile of wage premium, the age profile shifted down in 1987 and 1993 except for the two youngest age groups. In 1999, the age profile shifted upward compared to the 1993 age profile except for the age group 23-27. Overall, for the period 1983-2004, the tertiarysecondary wage premium is an increasing and concave function of age.
The shifting age profiles suggest that two separate forces underlie the evolution of the tertiary-secondary wage premium over time. The overall set of wage premia can rise or fall over time (as they appear to have done). On the other hand, relative wage premia for specific age groups can rise or fall independently of the wage premia for other groups. Figure 4 shows the evolution of the log of the relative fraction of tertiary versus secondary workers for two age groups: 23-27 year olds and 53-57 year olds. The figure is based on the hours supply measure; the other two supply measures show similar trends. The relative supply of tertiary graduate workers in the age group 53-57 increased throughout the study period, but the relative supply in the younger age group, 23-27, remained stable during the same period.
Results
In the first stage of the two-step estimation process, the age group specific wage premium for different age groups in various years is regressed on the respective age group specific relative supply, year, and age effects (equation 10). Since the wage premium across age groups in different years is estimated from different sample sizes and hence varies in precision, all the regressions are weighted by the inverse of the sampling variances of the estimated wage premia. The first-stage results for three different supply measures are presented in Table 3 . Columns (1), (2) , and (3) report results from the models that include unrestricted year affects. The estimated effects of the (log) age group specific relative supply on the (log) age specific relative wage premium are statistically significant. Hence, age group specific supplies are important in determining age group specific wage premium. Although the estimated effects of the age group specific relative supply are dependent on the choice of supply measure used, the estimates are close. The coefficient on the (log) age group specific relative labor supply ranges from -0.181, using workers as the supply measure to -0.203, using labor force as the supply measure. As a result, the estimated elasticity of substitution across age groups ranges between 4.93 (=1/0.181) and 5.53 (=1/0.203). These estimates are comparable in magnitude to those found by Card and Lemieux (2001) for the US, UK, and Canada.
The estimated year effects, which absorb the technology shocks and the effect of changing aggregate relative supply, do not show a statistically significant difference in 1987 compared to 1983; however, in 1993, the estimated year effect was significantly different from 1983 at 10 percent significance level. The year effects are significantly larger in 1999 and 2004 compared to 1983. Since technology shocks and aggregate relative supply have opposite effects on the wage premium, not much can be read into the year effects until one knows the behavior of aggregate relative supply. Column (4), (5), and (6) of Table 3 report the results of the same models, except the year effects have been replaced with a linear time trend. Replacing the unrestricted year effects with a trend does not change the critical coefficients drastically, but the fit of the model deteriorates. In the second stage, age group specific wage premia by year are regressed on both age group specific relative supplies and aggregate relative supplies of tertiary graduate workers (equation 9). Aggregate supplies are calculated using the estimates of the elasticity across age groups estimated in the first stage, and the tertiary, secondary efficiency parameters, which are estimated by fitting equations (11) and (12) . Following the literature, the relative technology shock variable is assumed to follow a linear time trend. 18 The results are presented in columns (1), One of the important results of the second stage is that changes in relative supply of tertiary graduate workers have a substantial and economically significant negative impact on the college wage premium. All the three supply measures give similar coefficients for the relative supply, and similar estimates are obtained for (1/σ A ) in both stages as predicted by the theoretical model. The estimated coefficient on the aggregate relative labor supply ranges from -0.312, using hours as the supply measure to -0.355, using labor force as the supply measure. As a result, the elasticity of substitution (σ E ) between tertiary and secondary equivalent workers ranges between 2.82 (=1/0.355) and 3.20 (=1/0.312). This is higher than the Card and Lemieux (2001) The greater the value of σ E , the smaller the impact of shifts in the relative supplies on relative wages. In the case of urban India, a 10 percent increase in relative supply of tertiary graduate workers relative to secondary graduate workers will reduce the college wage premium by 3.1-3.6 percent. The trend variable is highly significant and quite robust to the choice of supply measure. The estimated coefficient implies about 8.7-9.1 percent increase in demand in each five-year period. The linear time trend allows for a secular growth in the relative demand for tertiary graduate workers. To examine whether there was an increase in demand growth in the post-1991 liberalized era, we allow for a trend break post-1991. An interaction of the post-1991 dummy with the trend enables us to capture trend change post-1991. Columns (4), (5), and (6) of Table 4 present the results of the same models except that they allow for a trend break in 1991. We do not find evidence of any significant change in demand growth in the 1990s compared to the 1980s, as the interaction term is insignificant for all the three measures of supply.
The aggregate relative supply index used in the second-stage is plotted in Figure 5 . The relative supply index shows that the relative supply of tertiary workers increased in the 1980s, while the rate of growth decreased between 1993 and 1999. However, the relative supply was virtually unchanged between 1999 and 2004. Taking together the relative supply index with Figure 1 , an increase in the wage premium for tertiary workers could not have come without a shift in demand throughout the study period. The wage premium increased by 1 percent between 1983 and 1987, and by 2 percent between 1987 and 1993. However, the wage premium increased by 5 percent between 1993 and 1999, and by 8 percent between 1999 and 2004. The increase in the demand is also corroborated by a significant time trend. The relative supply trend has a potential to explain why the increase in the wage premium had been different in the four periods of study. The aggregate supply of tertiary graduate workers was increasing between 1983 and 1993, which compensated the increase in demand for tertiary graduate workers; as a result, this period is marked by a small increase in wage premium for tertiary graduate workers. Between 1993 and 1999, the growth of the relative supply of tertiary graduate workers slowed; however, between 1999 and 2004, the relative supply remained more or less stable. Given a continued steady growth in the demand, these two periods (1993-1999 and 1999-2004 ) saw major increases in wage premium for tertiary graduate workers. Thus, we demonstrate that a continual shift in demand combined with a stagnant relative supply is one potential explanation for the increase in the wage premium experienced in the late 1990s (Figure 1) . In Section 5, we show that our main finding regarding demand and supply remains robust to the alternative samples and alternative definitions of relative supply.
Our findings regarding demand shifts are consistent with two other studies using Indian data: Chamarbagwala (2006) and Kijima (2006) . Chamarbagwala (2006) finds that demand increased during 1987-1993 and 1993-1999 , and that it was possibly stable during 1983-1987. However, our findings indicate that demand in favor of tertiary graduates also increased during 1983-87. 19 In addition, our findings indicate that relative supply combined with shift in demand has a potential to explain why tertiary-secondary wage premium was relatively stable in the 1980s and increased in the late 1990s.
Given these findings, three further questions arise. First, what accounts for the shift in favor of tertiary or highly skilled workers? Second, why is there no evidence of a break in demand for skilled labor in post-1991 reform era? And third, what accounts for the stagnation in the relative supply of tertiary workers?
The increase in demand for tertiary graduate workers may have come through skill biased technological change (SBTC) or trade liberalization; however, trade liberalization is less likely as there is no evidence that demand growth increased post-1991. If trade liberalization was the cause, what explains the demand shift in the 1980s? We have not used direct evidence on SBTC, however, based on our findings and earlier literature, we can deduce that SBTC is the most likely cause of demand shift. Kijima (2006) finds that the share of tertiary graduates (or skilled workers) within each industry increased in most industries and concludes that it indicates that skill-biased technological change has taken place. Also following Katz and Autor (1999), Kijima (2006) decomposed the change in the share of skilled workers over time into within-and between-industry shifts and finds that most of the changes in the share of skilled workers are accounted for by within-industry shifts. Chamarbargwala (2006), using demand shift index proposed in Katz and Murphy (1992) , also finds that between-sector demand shifts are smaller than within-sector demand shifts. The overall increase in demand shift was caused by within-industries skill upgrading. Therefore, SBTC is the most probable reason for shift in demand in favor of tertiary graduate workers.
Given the comparable growth rates of the 1980s and 1990s (Section 1.1), it is not puzzling that we do not find evidence for a trend break in the post-1991 era. Since, trade liberalization was not the likely cause of demand shift, and SBTC seemed to have taken place in the 1980s also, the growth rate of the demand for more educated workers relative to less educated workers by and large remained stable.
workers present an important question for education policy makers and for future research. They have important implications for tertiary-secondary wage premium
The factors leading to stagnation in the relative supply of tertiary graduate Figure 6 : Transition from middle to secondary and tertiary education in India and wage inequality in India, given that India is projected to maintain a very high growth rate of about 8-9% in the near future. One possibility is that the massive expansion of elementary education has not been matched by higher education at different levels. Figure 6 presents transition across different stages of schooling. Only one-fourth of students starting at middle school (class 8) end up enrolling in the first year of tertiary education. Only a certain percentage of that enrollment actually completes tertiary education. It seems that drop-outs at each stage remain a major problem for the Indian education system. Given the government's efforts to encourage enrollment in elementary schools, unless the dropout rate at later stages is addressed, the relative supply of tertiary graduates is not going to increase in the near future. 20 20 In 1993, the Supreme Court of India, in the case of Unnikrishnan J.P. vs. State of Andhra Pradesh and others, gave all children a Fundamental Right to "free and compulsory education" until they "complete the age of fourteen years". Government of India launched District Primary Education Program (DPEP) in 1993-94 whose objective was to provide access for all children to primary school or its equivalent non-formal education. Constitution of India was amended to make the right to free elementary education up to the 14 years of age, a fundamental right (Eighty-Sixth Amendment Act, 2002). In 2002, the Government of India (GOI) launched another massive program "Sarva Shiksha Abhiyan (SSA)" and set the targets of universal primary education in 2007. Although the goal of universal primary education is not achieved yet, it led to massive expansion of primary education in India. However, this massive expansion in primary education is not matched at higher levels. Kingdon (2007) documents that according to Seventh All India Education Survey (NCERT, 2006), in 2002, there were only one-fifth as many secondary schools as the number of primary schools, and suggests that it seems likely that secondary school enrolment rates are low partly because of the
Robustness hecks
We performed two types of robustness checks. In the first set of robustness checks, we use different samples to estimate our models, with the definition of tertiary and secondary equivalents remaining similar to the main results. In the second set, we use different definitions of secondary equivalents. The second stage estimates for first and second sets of robustness checks are given in Table 5 and Table 6 , respectively. For the sake of brevity, we have not reported the first stage estimates and second stage estimates for the specifications with an additional interaction term of trend with post-1991 dummy; however, the interaction term is insignificant in all the models, suggesting that there was no change in demand growth in the post-1991 era.
I) Specification I:
We estimate the wage premium using the male urban sample as done in the main results; however, we calculate the relative supply of tertiary graduates workers using urban male sample only (in the main results, we used both sexes to calculate relative supply). The implied elasticity of substitution between tertiary graduate and secondary equivalent workers ranges between 3 and 3.6, and the implied demand growth is about 7.8-8.3 percent per five-year period.
II) Specification II:
We estimate the wage premium using the urban sample for both sexes. In estimating age group specific wage premium, we use a dummy for gender as an additional control in addition to controls described in the data section. We calculate the relative supply using urban sample for both sexes. The implied elasticity of substitution between tertiary graduate and secondary equivalent workers ranges between 3.6 and 3.8, and the implied demand growth is about 8 percent per five-year period.
III) Specification III:
We combine urban and rural samples together to present an all India picture. The wage premium is estimated only from male sample, while the relative supply is calculated using sample for both sexes. In estimating wage premium, we use an additional control for area of residence. In the case of all India, the elasticity of substitution across age groups is higher than in the case of urban India only. The estimated elasticity of substitution between tertiary and secondary graduates ranges between 3.5 and 4.2, which is a little higher than the estimated lack of supply of nearby secondary schools. Government of India (2006) also points out an urgent need for expansion of higher education to fulfill the demand of a much higher number of students graduating from schools. Although, the reasons for high dropout rates have not been fully explored in the existing literature, limited supply of institutions at higher levels may be one of the reasons for higher dropouts. elasticity for urban India. Importantly, the demand in favor of tertiary graduate workers grew by about 8 percent per five-year period.
C
IV) Specification IV:
We use all India male sample to calculate both the wage premium and the relative supply. Similar to specification III, we use area of residence as an additional control in estimating wage premium. The implied elasticity of substitution between tertiary graduate and secondary equivalent ranges between 3.9 and 4.6, and the implied demand growth is about 7.6 percent per five-year period.
From the first set of robustness check, two things stand out quite clearly. First, although there is a variation in the estimates of demand growth based on the sample used to estimate the model, all the estimates are close and imply a demand growth between 7.5 and 9 percent in favor of tertiary graduate workers per fiveyear period. Second, the elasticity of substitution between tertiary and secondary equivalent workers ranges between 3 and 4 for urban India, while it ranges between 3.5 and 4.6 for all India. These estimates are very much in line with the findings of Manacorda et al. (2009) , for the five Latin American countries. It should be noted that their sample includes only urban areas of the five Latin American countries. However, in specification III and IV, we also include rural areas. Given that Indian educational structure is similar to Latin American countries, our estimates for the elasticity of substitution are in line with the elasticity estimates of Manacorda et al. (2009) and Binelli (2009) . However, our estimates are higher than the estimates found in Card and Lemieux (2001) , who found an elasticity of substitution in the range of 2-2.5 for the US, UK, and Canada. To investigate our findings further, we carried out a second set of robustness checks. We estimated the wage premium in similar way as described in data section. However, while estimating relative supply, we define the secondary equivalents, ignoring the lowest education groups. In specification V, we include only those who have completed secondary education (ignoring the below secondary educated groups). In specification VI, we add the middle school graduates weighted by their wages relative to secondary school graduates to derive secondary equivalents (we ignore all the workers who have less than middle school education).
The findings regarding demand growth remain robust to the definition of secondary equivalents. The elasticity of substitution between tertiary and pure secondary graduate workers ranges between 2 and 2.2, while the elasticity between tertiary and secondary graduate workers (when secondary graduates include only middle school graduates) ranges between 2.8 and 3.2. Figure 7 plots the aggregate relative supply of tertiary graduate workers used in the second stage regressions in each specification. 21 The figure plots aggregate relative supply only for labor force supply measure, and aggregate relative supply 21 We would have liked to perform an additional specification check using urban female sample for other two supply measures are similar. The aggregate relative supply measure for all the specifications shows trends similar to what were obtained in main results. Also, in all the specifications discussed above, the trend variable is statistically significant and implies a demand growth between 7.5 and 9 percent in favor of tertiary graduates in each five-year period.
Conclusion
Using micro data from urban India, we document trends in wage premium between tertiary and secondary graduate workers during 1983-2005. We find that that the wage premium for tertiary graduate workers relative to secondary graduate workers increased mainly in the 1990s after remaining relatively stable in the 1980s. In addition, the increase has not been similar across different age groups, suggesting imperfect substitutability across different age groups. The observed trends are interesting in the context of trade liberalization that started in May 1991 and the observed increase in wage premium in the 1990s.
To further explore the trends observed, we use a demand and supply model that allows for imperfect substitution across age groups. We find that the tertiarysecondary wage premium is driven mostly by demand shifts in favor of tertiary graduate workers. More importantly, the demand shifts occurred both in the 1980s as well as in the 1990s. We do not find any evidence of increase in demand growth in the post-liberalization period, i.e., the 1990s.
We find that the trends in relative supply have a potential to explain why the wage premium grew in the 1990s after being relatively stable in the 1980s. The relative supply of tertiary graduate workers relative to secondary graduate workers increased during the 1980s, while the growth of the relative supply slowed down between 1993 and 1999. Finally, the relative supply seems to have stagnated between 1999 and 2005. Putting this together with continual demand growth, we deduce that the increase in relative supply of tertiary graduate workers in the 1980s kept a check on the tertiary-secondary wage premium growth. However, the countervailing shift in the relative supply became weak in late 1990s, causing an increase in the wage premium. We also have shown that the different age groups are not perfect substitute and derived estimates for the elasticity of substitution between age groups, as well as elasticity of substitution between tertiary and secondary graduate workers.
separately; but due to the limited number of observations in the wage sample for a few age groups in certain years, we could not implement our empirical strategy.
Our findings regarding demand and supply remain robust to samples and definitions used.
